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Abstract 
The paper presents selected results of a dynamic non-linear model that simulates critical factors in the 
diffusion of demand-side energy saving equipment. The modelling exercise is customised to the particular 
characteristics of the Greek islands of the Aegean Sea. Through a sample set of alternative diffusion 
scenarios, it tests socio-economic and techno-economic system behaviour providing helpful insights in 
market development and programme design in the wider energy policy debate on effective introduction of
new technology. The paper discusses the usefulness of simulation modelling along critical interactions
and feedbacks among policy makers (government), the utility operator, consumers and the adopters.  
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1. Introduction 
The paper first briefly introduces the real world situation the research at the Centre for Environmental 
Policy addressed. In three short paragraphs the paper summarises the symptoms and causes of the 
problematic behaviour in the Greek grid unconnected islands, namely: high costs and debt for the power
utility, steep demand increase due to tourism and air-conditioning as the main peak demand driver. The
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paper then goes through three selected scenarios of technology deployment and assesses the impacts on 
tourism and utility finances, savings and the deployment programme’s break even point and, the utility’s 
operation and capacity expansion. The details of the modelling decisions and background figures are not 
presented in this paper but can be found in greater detail in the 2008 proceedings of the System Dynamics 
Society Conference [1].  
Nomenclature 
A/C Air-Conditioning 
APS  Autonomous Power Station 
BAU Business As Usual 
BEP Break Even Point 
CLD Causal Loop Diagram 
ELAC Electric Air-Conditioning (conventional) 
LOLP Loss of Load Probability 
PPC Public Power Corporation (Greece) 
SRAC Solar Assisted Air-Conditioning (hypothetical hybrids of) 
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2. The Greek unconnected islands 
The Public Power Corporation (PPC) solely operates the autonomous power systems (APS) of the 
Greek unconnected islands through its Island Directorate. The total cost of generating one kWh of 
electricity on the islands ranges from €0.11 to €1.20 [2,3]. Kaldellis estimated mean electricity production 
of medium and medium-large islands at €0.15 to €0.40 per kWh [4]. The retail price for the household 
sector is about €0.08/kWh (the standard household tariff is uniform across the country, for social equity 
purposes). This price-cost difference amasses each year to an unavoidable gap in the finances of the 
corporation. For 2001 it was estimated to stand at €340 million [5] reaching at €442 for 2007 [6]. This 
roughly represents a 5% debt increase rate per annum. 
2.1. Power demand on islands 
The capacity margin of the APS is yet another symptom of the ineffective management and the nature 
of demand in the islands. The safety margin is very low forcing generating sets to work in their extreme 
emergency (or stand-by) ratings. As a result apart from increased fuel consumption in many cases serious 
malfunction leave the inhabitants and visitors in the dark.  
The peak power demand increase since 1975, Figure 1, has been following a mean increase rate of 
10% which also appears in the power consumption. The increase is parabolic and in cases approximates 
exponential growth for the islands of the South Aegean Archipelago on whose islands the model is 
mainly based.  
Figure 1: Peak load evolution in medium-large islands of the South Aegean islands, 1976-2004 [4] 
Kaldellis [4] specifically states that “the continuous increase of electricity needs is only partially 
attributed to the permanent population growth” pointing towards the transient population, i.e. tourism and 
the employees and operators of the tourism industry. 
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3. The basic model structure 
The building blocks of the simulation model are presented in the subsystem diagram of Figure 2 that 
captures the dynamics of the key relationships at play. It segregates domestic and tourism demand, 
effectively defining a base load accumulator, the former, and a peak demand generator, the latter, within 
that structure. It specifies partial causality of the tourism to the household demand as the main driver of 
capacity expansion and the growth of the economy in general. The tourism sector is further elaborated 
with the objective of determining a regional, i.e. Mediterranean, indicator of tourism destination 
competitiveness as well as detailing the demand for one of its most power consuming services: space 
cooling. On the supply side there is a decision making process whose capacity expansion function 
(algorithm) is derived from classic energy planning, localising it from literature and interview data. The 
diagram below provides a vision of the broader components constructed indicating their main data links 
and the physical subsystems they belong to. These are the shaded areas starting clockwise from the top 
left corner: 1) the power consumption, 2) the power generation, 3) the financial log, 4) the 
competitiveness monitor and, 5) the diffusion dynamics.  
Figure 2: The Subsystem Diagram
4. Policy and Simulation Appraisal on Sample Scenarios
4.1. Assumptions & Specifications 
The setting in which the scenarios are designed and tested is one where the policy-makers need to 
determine how to structure a financial support scheme for the diffusion of a new solar assisted A/C 
variant (SRAC) against the existing conventional electric air-conditioning units (ELAC). This solar 
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assisted variant is on the one hand prohibitively expensive for commercial adoption at the time but on the 
other hand has a much lower electricity consumption that could curb peak demand growth. At the same 
time, its cost (that includes learning on use and installation, as well as on the technological components) 
is expected to have a favourable progress ratio. In order to avoid too much analytical complexity, the 
support is assumed to come in the form of a direct subsidy. 
The roll out can be deployed in any punctuation wished; segmented over the years or in a single blow. 
The expected saving, here taken at the end of the simulation, is expected to pay for the diffusion scheme. 
The net present value of the cost of the schemes and the expected savings are evaluated and the total years 
from start to the Break Even Point (BPE) registered at the end of each simulation run. At the same time, 
the competitiveness of the island needs to be maintained and a competitiveness comparison in the 
background works as an optimisation objective function. Figure 3 depicts this balancing effect of the 
regional competitiveness index. Despite over- and undeshooting, mainly due to the seasonal nature of 
tourism, the island system under examination finds balances. I.e. it maintains its competitiveness among 
destinations offering similar product in the broader Mediterranean region. 
Figure 3: The island in competitive balance on ELAC alone 
The scenarios examined are: 
1. Twenty units installed every year (referred to as Sc.20/12) 
2. One hundred and twenty units every three years (referred to as Sc.120/36) 
3. Two hundred units in a single year (referred to as Sc.200/0) 
The first two are run until the commercialisation is achieved, while the third is a one off intervention. 
The initial cost of the SRAC unit per adopter is set at €3,200 compared to €800 for the ELAC while the 
five year equipment and running cost of the former is €3,920 compared to €2,240 for the latter 
representing the great saving in electricity expenditure (the increase is disproportional, 22.5% for SRAC 
compared to 180% for ELAC). The SRAC requires half the installed capacity to provide the same cooling 
load as the incumbent ELAC unit. Interest rate is assumed at 5%. 
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4.2. Introduction to the Diffusion Schemes 
From top to bottom the system diffusion graphs of Figure 4 present each of the scenarios. Line 4 
represents the SRAC adopters introduced. 
Figure 4: Comparing the adoption graphs of the three diffusion scenarios 
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In Sc.20/12 the programme runs for quite a few years before the technology finally commercialises 
and takes off. In Sc.120/36 (middle graph) one can notice the two steps required for the wished result. At 
the bottom graph of Sc.200/0 a one-off scheme of greater ambitions achieves the same result. Below the 
paper analyses the impacts on programme costs, utility finances and programme payback for each of 
these scenarios by drilling down into the structure of the model. In the process causality of the observed 
behaviour above is also examined. 
4.3. The Impact on Tourism and Utility Finances 
The top graph of Figure 5 compares the average monthly consumption of electricity per tourist 
between the BAU and Sc.120/36 as an example. At month 241, roughly eleven years after the scheme’s 
introduction (eight after completion), the saving to the industry due to the drop of the average electricity 
consumption is estimated at about €70,000, i.e. the difference between BAU and Sc.120/36 is 128kWh at 
month 241, tourism peak arrivals for that year are 6,042 which sums to a saving of 733,400 kWh. This is 
about €12 per visitor a month or £3 per visitor a week. It seems like a small amount but if a one-week 
package holiday to the island is to cost a random €50 less per visitor per week than offered by a 
comparable competing destination, the electricity saving would represent 6% of that discount. For a 
family of four on a two-week package, the total saving would be a significant €400 of which 6% is 
already sizeable enough considering it is only concerning power efficiency of the A/C service in the 
basket of services holiday-makers are receiving. 
However, while the industry is becoming more competitive, less consumption means fewer sales for 
the PPC, a possible fear of policy-makers in introducing energy efficiency. And it might be. However, the 
specific socio-economic conditions where such measures are applied should be considered. For example, 
the nature of households’ power consumption behaviour, as well as the population and income dynamics 
for the simulated island, actually cause a rise in the monthly consumption (bottom graph of Figure 5) 
when DSM schemes to the commercial sector are introduced. Still, the effect of efficiency is definite as in 
the top graph of Figure 6. In the same graph, indeed sales drop (middle graph) but costs even more so 
(bottom graph). 
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Figure 5: Visitor & household average monthly consumption Sc.120/36 vs. BAU 
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Figure 6: Utility sales & costs Sc.120/36 vs. BAU 
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4.4. The Impact on Savings and BEP 
A comparison of the annual savings from BAU across the three scenarios should provide more insight 
into diffusion policy making, as in Figure 7 below.
Figure 7: Comparison of annual savings across the three scenarios 
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An immediate observation is that the savings are punctuated. That must have to do with the nature of 
visitor arrivals and random events. Annual arrivals of tourists are also pretty unreliable and subject to 
exogenous fluctuations in the simulations as in real life. A slight change might be the defining moment 
between the programme succeeding or not. The value of the approach in this research is exactly in that it 
is not an optimisation exercise whose result would inevitably be arbitrary under this light of uncertainly. 
Rather it is a strategic overview of key variables in a setting approaching realistic uncertainty and erratic 
behaviour as much as possible. More like mapping rather than driving; going through unknown lands a 
map is crucial before setting off, simulating the ride is of even greater assistance. 
What can be also noticed in Figure 7 is that on many occasions, savings are small, even occasionally 
going to the negative side compared to BAU. Nevertheless, there are significant savings for the duration 
of the simulation in all scenarios. From roughly €6,600,000 for Sc.20/12, to €7,200,000 for Sc.200/0 and 
nearly €8,000,000 for Sc.120/36 (in end-of-simulation undiscounted terms). It is not as straightforward to 
simply choose the scenario saving the most at first sight. 
Figure 8: Comparison of the cost of scheme considering the cost of money 
The financial comparison as part of a policy makers decision process should include the cost of money 
in the layout and horizon of a support scheme. Does the policy maker have the funding for a major costly 
scheme that will produce results straight away (which is on many occasions the requirement of the ruling 
political party near elections) or is a long campaign that is manageable financially but also digestible in 
institutional capacity terms preferable? Although this last dilemma is beyond the aims of this particular 
paper, similar questions are critical in designing a diffusion programme and are conceptually within the 
broader area of the research.  
Table 1: The scheme's NPV cost under the three scenarios 
 Scheme’s NPV Cost 
Scenario 20/12 € 274,192 
Scenario 120/36 € 330,443 
Scenario 200/0 € 303,689 
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The effect of the value of money is shown in Figure 8 above, which compares the cost of the three 
schemes (Line 1, Sc.20/12; Line 2 Sc.120/36; Line 3, Sc.200/0). At the top, Sc.20/12 seems the most 
expensive and as it also provides the least savings then it would be expected that it is rejected. Sc.200/0 
on the other hand seems by far the most promising as it also provided the second best savings after 
Sc.120/36,  which here does not perform that well. The funds should be available at the start of each 
programme, thus the final cost of each scheme is discounted at the risk-free rate of 5% (based on the 
average of 3-year and 30-year Greek Government’s bond yields issued by the bank of Greece in June 
2009) to month 110, the start of all three scenarios, which has the result shown in Table 1. 
A different story: Sc.200/0 remains the same since it rolls-out in a single step while Sc.120/36 drops 
significantly, as it requires two steps totalling a duration of 6 years until the SRAC market matures. The 
surprise comes from Sc.20/12 that is at current prices lower than the other two options. So, despite the 
original common sense, it proves a much harder decision. In addition to the non-measurable benefits of a 
gradual roll-out, the funds for Sc.20/12 are deployed gradually and can perhaps be used in a hedging 
strategy. However, this is again beyond the scope of the original research and would require elaborate
tools such as Real Options to evaluate each scenario. The time it takes from the completion of the 
programme to the BEP for Sc.20/12 is three years compared to five for the other two scenarios. The total 
duration of the former though is 16 years.  
4.5. The Impact on Utility Operation and Expansion 
The most likely set of graphs to look into where and how the savings for the utility occur is that of 
installed capacity. The obvious effect of the intervention in all cases is less installed capacity compared to 
BAU in the graphs of Figure 9. The figure includes the annualised growth of peak power demand and 
consumption in each option’s graph. 
There are two more observations to be made, though. Firstly, fewer expansions are needed; in all three 
scenarios one can count five instead of the six expansions under BAU. In addition, perhaps equally 
importantly, in all cases the added capacity is found to occur in smaller steps than BAU after the schemes 
begin indicating a better managed system. The second observation, as a consequence of the previous, is 
the delay in installing capacity. Thus a better managed system perhaps points to improved running costs, 
whereas investment deferral affects capital costs. 
There is a noticeable drop in annuities since fewer investments of lesser capacity less frequently are 
needed when a promotion scheme is successfully introduced. Operation and maintenance share of costs 
also seem to drop more sharply under the diffusion scenario while overheads seem to fluctuate more. To 
inspect these figures better, the actual costs over time are included in Figure 10. The savings are clear in 
the cases of fuel, overheads and annuities. The effect on O&M is also clear, albeit not as distinguishable. 
The O&M costs reflect the actual struggle with the seasonal wave of visitors, which remains the same in 
all scenarios. Dealing with the seasonality peaks of tourism is of equal importance to the power systems 
of the islands as dealing with their power peaks. 
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Figure 9: Installed capacity of options vs. BAU 
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Figure 10: Cost components of Sc.120/36 vs. BAU 
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5. Conclusions 
This simulation model in this paper illustrates the impacts and mechanics by which a switch to 
efficiency can be engineered and its benefits, direct or collateral. It challenges perceptions of planning 
and has shown so far that a shift to an efficient paradigm is possible within reasonable timeframes. 
Decisiveness, boldness and consistency seem to be key aspects of the decisions a policy maker needs to 
take. The search for the diffusion scheme most likely to succeed then needs to iterate a number of 
scenarios and adopt a specialised appraisal tools. First, a shared vision is critical. A tool such as the one 
presented in this thesis, can also accommodate the involvement of stakeholders.  
Indeed, a proper DSM programme and an electricity efficiency plan would need to look at all power 
consuming services and their evolution in time. Recognising the limitations of breadth and horizon, the 
paper provides a new framework under which to consider energy policy decision-making in a localised 
and customisable way, calling for an intra-sectoral and multi-actor review of a situation in the design of 
an intervention. A tool expanding from this research could be used, for example, to evaluate the strategy, 
options, risks and success pathways, along with the inclusion of stakeholders’ objectives and concerns. 
146   Paris Gravouniotis et al. /  Energy Procedia  18 ( 2012 )  131 – 146 
References 
[1] Gravouniotis, P., Bauen, A. Energy Equipment Diffusion & Touristic Competitiveness: Building 
of an SD Model for the Greek Islands. Proceedings of the 26th International Conference of the 
System Dynamics Society July 20 – 24, 2008. Athens, Greece. 
[2] Betzios, G. Integrated energy supply systems for Green Islands towards 100% RES penetration.  
45-52. 2003. Crete, Greece, EREC. International Conference on RES for Island Tourism & 
Water. EREC. 26-5-2003.  
[3] Betzios, G. Islands Directorate, PPC.  Personal communication 19-2-2003.  
[4] Kaldellis, J K and Zafirakis, D (2007) 'Present situation and future prospects of electricity 
generation in Aegean Archipelago islands' Energy Policy. Vol.35(9), pp.4623-4639 
[5] IENE. Conference on the Energy Problem of the Cyclades: Critical Questions & Options. 
Summary of Conclusions.  2008. Athens, Institute of Energy for South-East Europe. 20-6-2008.  
[6] PPC. Annual review programme of the island autonomous power plants (2001).  2002. Athens, 
PPC. 
[7] ICAP. Sectoral Review: Air-Conditioning Units.  2008. Athens, ICAP.  
[8] HTSO. Draft Development Plan for the Electric Grid 2008-2012.  2008. Athens, Hellenic 
Transmission System Operator.  
